Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



0 Publication number: 



0 321 6114 
A1 



0 EUROPEAN PATENT APPLICATION 



© Application number: 87311240.3 


© int. ci. 4 : A61M 25/00 


© Date of filing: 21.12.87 




© Date of publication of application: 


0 Applicant: Calderon, Reynaldo 


28.06.89 Bulletin 89/26 


5620 Greenbriar, No. 105 




Houston Texas 77005(US) 


© Designated Contracting States: 


0 Inventor: Calderon, Reynaldo 


AT BE CH DE ES FR GB GR IT LI LU NL SE 




5620 Greenbriar, No. 105 




Houston Texas 77005(US) 




0 Representative: Allman, Peter John et al 




MARKS & CLERK Suite 301 Sunlight House 




Quay Street 




Manchester M3 3JY(GB) 



© Methods and systems for retrograde perfusion 
deficiency. 

© Catheter feedback methods and systems are 
disclosed for optimizing the infusion of a drug, such 
as a chemotherapeutic agent via retrograde perfu- 
sion through the venous side of the vascular network 
to a selectively determined portion of a solid tumor. 
Monitoring and regulatory capability are provided for 
controlling the outflow of the drug and thereby for 
controlling the dose rate, the duration of exposure of 
the drug, the leakage factor, and the level of sys- 
temic toxicity, all critical factors in the successful 
treatment of solid tumors. A feedback loop for prac- 
ticing the method comprises two concentric balloon 
catheters capable of extensive maneuvering and 
selective placement within the venous drainage of 

^ the vascular system, creating a third in- vivo space 
for repeated perfusion of the selected portion of a 

^diseased organ as often as desired, providing maxi- 

^mum exposure of the chemotherapy to the tumor 
with minimum exposure to any other portions of the 

Inpatient's body. 
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METHODS AND SYSTEMS FOR RETROGRADE PERFUSION IN THE BODY FOR CURING IT OF A DISEASE 

OR IMMUNE DEFICIENCY 



Background of the Invention 



In the conventional treatment of a solid tumor, 
the state of the art lies in arterial infusion, a one- 
way process which comprises a single pass of a 
chemotherapeutic agent via the arterial side of the 
body through the tumor. The principal drawback to 
this method is the inability to maintain the dose 
rate and. or duration of exposure of a drug neces- 
sary to effect a response, due to the resulting 
systemic toxicity. That is. with present methods, 
the successful treatment of a solid tumor with che- 
motherapy is undermined by leakage of the che- 
motherapy which proves detrimental to the remain- 
der of the body. 

Routine blood flow originates in the heart and 
progresses in an arterial to capillary to venous 
sequence. The walls of the post-capillary venules, 
capillaries, and sinusoids are exchange vessels, 
serving as the site of exchange between the blood 
and the tissue bathing the cells. The larger venules 
and veins comprise a system of capacitance or 
reservoir vessels. These are large-volume, low- 
pressure vessels through which the cardiac (right 
side of the heart) return occurs. 

Under normal conditions, the endothelial cells 
that form the lining of the vascular network renew 
themselves very slowly. According to Folkman, in 
an article entitled "The Vascularization of Tumors." 
Scientific American, June, 1976, (p. 71) 
"Occasionally there is a brief burst of proliferative 
activity in one part of the vascular sysfem when 
such activity is needed to heal a wound or mount 
an immune response. However, the new vessels 
always regress after a short time, and regenerative 
activity subsides to its former low state." The cells 
proliferate rapidly where needed for the purpose of 
immunity as of healing wounds. However, such 
proliferation is maintained only as long as neces- 
sary. Thereafter, regenerative activity assumes its 
former state. 

8(ood circulation to a solid tumor likewise flows 
routinely from arterial to capillary to venous. How- 
ever, in the topographical region between the ex- 
change vessels and the larger venules, the direc- 
tion of flow changes dramatically. Folkman explains 
what occurs: "When a malignant tumor sends out 
its chemical message, the proliferation of endothe- 
lial cells rises steeply in the vicinity of the tumor. 
Capillaries bud from the side walls of venules and 
lengthen into thin tubes, converging on the tumor 
from all directions." This characteristic of the tumor 
vessels results in the creation of numerous venous- 



venous (V-V) shunts, which are the physical ele- 
ments that underlie the process of retrograde per- 
fusion. The significance of the V-V shunts in the 
treatment of tumors is explained as follows. 

5 The normal driving pressure in the tumor 

vasculature is the change in velocity of the blood 
flowing from the capillary into the venous system 
by means of the cross-sectional area (V x A ca pj t!ar i es 
= V x A V enous)- That is, the pressure drop across 

io these V-V channels is created by the change in 
velocity of the blood flow as it emerges from the 
capillaries. The tumor blood flow is thus impaired, 
measuring only two to fifteen percent of that of the 
surrounding tissue, and this impaired circulation 

15 distinguishes the cancer vasculature. The probabil- 
ity of blood flow through the V-V shunts is far less 
than the probability of blood flow through the nor- 
mal vasculature. Therefore, in any attempt to de- 
liver chemotherapy to a tumor, the likelihood that 

20 the drug will spread to the remainder of the body is 
far greater than the likelihood that it will reach the 
tumor. 

Systemic toxicity resulting from 
chemotherapeutic regimens remains an obstacle to 

25 the successful treatment of cancer. In 1961, Steh- 
lin, et. al. identified leakage of the 
chemotherapeutic agent into the systemic circula- 
tion as "one of the most serious limitations as to 
the success of perfusion of certain regions of the 

30 body." As recently as March. 1981. the Journal of 
the American Medical Association featured an arti- 
cle by Kato, et. al. and a related editorial by 
Chuang addressing chemoembolization, which is 
the "combination of arterial infusion of a 

35 chemotherapeutic agent and arterial embolization 
of the vascular supply to a neoplasm." This meth- 
od produced a prolonged survival rate; however, 
the dosage rate was limited by systemic toxic 
effects. Similarly, in all of the techniques outlined 

40 by Fewer, Wilson, and Lewis, the outflow returning 
to the venous system was left unaltered, resulting 
in systemic toxicity and a failure to maintain the 
needed duration of exposure of the drug. Dosage 
rate is another critical factor in cancer chemo- 

45 therapy. Evidence supports the conclusion that 
maintenance of high doses of anti-tumor therapy 
substantially increases the response rate. This can 
be noted in marrow transplants, isolation infusion, 
or regional perfusion studies. Yet, arterial perfusion 

so and infusion into the solid tumors have demon- 
strated that the first passage of the drug in those 
methods is the only advantage over intravenous 
(IV) injection; thereafter toxicity remains the same. 
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Summary of the Invention 

Systemic toxicity and dosage are critical fac- 
tors in treating solid tumors; however, it is possible 
that previous techniques have been unsuccessful 
because of a failure to consider the significance of 
two other factors: one; the V-V shunts typical of the 
tumor vaculature, and two, the outflow draining 
from the tumor. The key to successful perfusion 
lies in exploiting and incorporating the tumor 
vasculature and in controlling its outflow, and retro- 
grade perfusion according to the present invention 
provides a mechanism for achieving both of those 
objectives. 

The present invention is illustratively described 
as comprising two concentric catheters with exten- 
sive maneuverability as well as pumps, filters, ana- 
lyzers, and other suitable means for regulating and 
monitoring the outflow draining from the tumor. The 
initial step is to take an arteriogram which yields a 
graphic representation of the internal loops within 
the blood flow and aids in determining the pref- 
erential drainage. The perfusion process begins 
with retrograde insertion of the two concentric cath- 
eters into the preferential drainage of a solid tumor 
via an external vein. One catheter marks the site of 
entry of the chemotherapeutic agent and provides 
access to the V-V shunt. The second, or suction, 
catheter is placed distally and has the suction 
capacity necessary to accommodate the therapeu- 
tic input, the arterial blood flow, the venous and 
lymphatic drainage, and the preferential drainage. 
Next, with the catheters in position, retrograde em- 
boli are placed in critical areas of the vasculature to 
inhibit leakage. The treating physician may make 
corrections or adjustments needed during treat- 
ment because of the changing cross-sectional 
areas, the impaired" circulation, and other factors 
characteristic of the tumor vasculature. 

The concentric catheters placed within the tu- 
mor preferential drainage as described above form 
a third in-vivo space in addition to the first (cells) 
and second (interstitial spaces around the cells) in 
vivo spaces. It is here that the procedure differs 
from previous methods. Within the selected area of 
an organ chosen for perfusion, a feedback loop has 
been formed with exterior access to a monitoring 
system which monitors pressure, concentration, 
temperature, time, and other variables to insure 
that systemic toxicity is avoided, that an appro- 
priate dose rate is maintained, and that the integrity 
of the organ is not violated. As the drug is perfused 
through the solid tumor, it is bio-transformed re- 
sponsive to the conditions of at least one and 
preferably all three of the body, the tumor, and the 
spent drug itself. Next, it is led out of the body via 
the suction catheter to be filtered and analyzed by 
suitable filter and analyzer means. Then, the pro- 



cess is repeated as often as necessary until the 
desired steady state is achieved. Retrograde perfu- 
sion according to the present invention thus pro- 
vides a treatment technique which succeeds in 
s effect in establishing the clinician as an element of 
the tumor vasculature. From this vantage point, the 
clinician is able to interact with the tumor and see 
what the possibilities of interaction are, becoming a 
monitor of the tumor's evolutionary process and 
io thus capable of disrupting the homeostatic inertia 
of the tumor, creating a feedback system with 
virtually unlimited interaction possible. 

The present invention is characterized by three 
features commonly lacking in previous methods of 
is treatment. First, previous methods fail to change 
the basic pattern of the established blood flow in 
the tumor. Second, previous methods allow the 
established cancer cells to persist, never interrupt- 
ing the homeostatic inertia of the tumor. Finally, 
20 because previous methods lack the capability of 
interacting with the tumor, they are incapable of 
controlling the flow pattern and thus the duration of 
exposure, dose rate, preferential drainage, leakage 
factor, and level of toxicity which are crucial in the 
25 successful treatment of cancer. 

One advantage of the present method is that it 
recognizes the significance of the V-V shunt, but 
no longer treats vascular flow through the V-V 
shunt as a substrate limited process. The physical 
30 structure of the tumor vasculature is a limiting 
factor in the delivery of chemotherapy. By the 
nature of their location beyond the pre-capillary 
sphincter and the capillary beds, the V-V shunts 
can be perfused only randomly by present meth- 
35 ods - concentration, duration of exposure, in short, 
bioavailability of chemotherapy is random. With 
retrograde perfusion it will no longer be necessary 
to reckon with the impaired circulation through the 
tumor, for the new method will enable the clinician 
40 to provide chemotherapy at a pressure rate needed 
to drive the flow backward through the loop created 
in the tumor vasculature. Because the loop has 
been created such that leakage sites are blocked, 
systemic toxicity is avoided, yet adequate levels of 
45 chemotherapy are certain to reach the tumor. 

A second advantage of retrograde perfusion is 
that it recognizes the importance of tumor progres- 
sion, which is the steady increase in malignancy 
characteristic of vascularized tumors. According to 
so Folkman, tumor progression is a result of the rapid 
increase in cell division caused by vascularization. 
As cells proliferate over a period of time, they at 
first metastasize, then invade surrounding tissue, 
and finally, appear as ascites cells in the host's 
55 abdominal cavity. The present method appreciates 
the different stages of tumor progression and al- 
lows the clinician to intervene selectively at the 
appropriate time with the appropriate combination 
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of dose rate, concentration, pressure, duration of 
exposure, and other factors which will inhibit 
vascularization with subsequent tumor growth. 

The dose response curve of chemotherapeutic 
agents is well known;* the more effective the drug, 
the steeper the curve. Presently, dose response is 
measured by three criteria - reduction in tumor 
mass, increased survival, or bioassay methods. A 
third advantage of retrograde perfusion is that it 
permits optimum assessment of the steep dose 
response curve, particularly by the bioassay meth- 
od. By closely tracking the dose response, every 
effort is made to eliminate the deflection point 
which reoresents tumor growth and decreased pa- 
tient survival. 

Another advantage of the present method is 
that it virtually separates the tumor from the body. 
Division of the tumor load from the host provides 
opportunities in several ways. It heightens the im- 
mune system; it eliminates the single pass of che- 
motherapy typical of arterial perfusion; it provides 
constant contact of the chemotherapeutic agent 
within the tumor vessels, which is particularly use- 
ful with a radio-sensitizing agent; and it facilitates 
delivery of a radioactive slurry via the catheter 
system. Furthermore, the chemotherapy can be 
calculated on the basis of tumor burden rather than 
being limited by the effects of the systemic toxic- 
ity, and the concentric catheters can be utilized as 
an access point for hyperalimentation to induce 
patient well-being. 

The last and most significant advantage of ret- 
rograde perfusion according to. the present inven- 
tion is that it can be applied not only to the delivery 
of any chemotherapeutic regimen but to numerous 
other aspects of treatment. 

Brief Description of the Drawings 

Figure 1 is an isometric * view of a patient 
undergoing treatment; 

Figure 2 is a schematic view of treatment of 
a kidney according to the present invention; 

Figure 3 is an enlarged schematic view of 
the kidney being treated in Fig. 2; 

Figure 4 is an enlargement of a lung being 
treated according to the present invention; 

Figure 5 is a schematic view of a catheter 
according to the present invention located in tor- 
tuous tumor vasculature; and 

Figure 6 is an isometric view of a double 
ballocn, concentric catheter according to the 
present invention. 

Descnption of Preferred Embodiment 



According to the present invention, a double 
balloon concentric catheter system C (Figs. 1 and 
6) is used to treat a person. The catheter C is used 
for retrograde perfusion of a patient's body, by 

5 which is meant that an agent is injected into the 
patient's venous system in a direction counter to 
normal blood flow. The retrograde injected agent 
then perfuses a portion of the body being treated 
via the venous system. 

to In a preferred embodiment, the catheter sys- 

tem C is used to inject and retrograde perfuse a 
therapeutic agent, a chemotheraputic agent for ex- 
ample, to a solid tumor in such a way that vari- 
ables, such as the cidal concentration, duration of 

is exposure and systemic toxicity may be controlled. 
As hereinafter set forth, the catheter system C can 
also be used for retrograde perfusion of an activat- 
ing agent into a patient, such as an enzyme, cata- 
lyst, or an immunizing or immunological agent. 

,20 During treatment according to the present in- 
vention, the patient's response and reactions are 
observed and monitored by a computerized axial 
tomography (CAT) scanner 10 (Fig. 1) and a video 
monitor 12, using two double balloon concentric 

25 catheters 14 and 16. The double balloon concentric 
catheters 14 and 16 according to the present in- 
vention include an inner tube or infusion catheter 
18 (Fig. 6) encircled near an end or tip 20 by an 
inflatable balloon 22 which is used to seal a pa- 

30 tient's vein in which the catheter 18 is placed. The 
catheters 14 and 16 are shown in somewhat simpli- 
fied form in Fig. 6 in order that structural features 
may more clearly be seen. The infusion catheter 
18 is used on insertion to direct the flow of the 

35 therapeutic input fluid through vessels in the por- 
tion of the body being treated. As is usual a guide 
wire 24 is provided in the end 20 of catheter 18 to 
' assist in insertion -and movement to the desired 
location in the patient's venous system. The guide 

40 wire 24 is withdrawn once the catheter 18 is prop- 
erly positioned. 

Driving power for the infusion catheter 18 is 
provided by a syringe injector 26 with push/pull 
capacity to insert and withdraw the catheter 18 

45 which aids in establishing a feedback loop of flow 
beginning in the tumor vessels and extending out- 
side the body, making it possible to control the 
concentration, pressure, temperature, and time du- 
ration of the therapeutic input. In this manner sys- 

so temic toxicity is avoided, an appropriate dose rate 
is maintained, and the integrity of the organ is not 
violated. The infusion catheter 18 further includes 
an opening passage 25 in the end 20, forming a 
site of entry of the therapeutic input fluid into the 
55 patient's vein from the syringe 26. The infusion 
catheter 18 has an additional passageway or lumen 
30 formed therein which may be used for either 
infusion or suction purposes. A port 33 is located 
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within an area encircled by the inflatable balloon 22 
and serves to allow inflation of the balloon 22 as 
desired for sealing- the veins and directing the flow 
of the chemotherapeutic agent. A port 31 is formed 
in the catheter 18 as an inlet to lumen 30 behind 
the inflatable balloon 22 and permits injection or 
extraction of fluid from the vein by a push/pull 
syringe injector 32. 

A port 34 in a suction catheter 35 serves to 
collect partially or wholly spent chemotheraputic 
agent in a collector syringe 36 after it has been 
retrograde perfused through the tumor vessels, as 
hereinafter set forth. The infusion catheter 18 is 
concentrically mounted in the suction catheter 35, 
which functions to transport the collected agent 
outside the body to a collection syringe 36, from 
which fluid may be transferred to a suitable filter 
for filtration purposes. The filtered, toxic-free che- 
motherapy may then be re-injected as often as 
desired into the veins via port 25, thereby maintain- 
ing a continual feedback loop of flow essential for 
control of the variables mentioned above. 

The second catheter 35 of the present inven- 
tion also includes a balloon 38 which is inflatable in 
the patient's vein via a port 40 to seal the vein, 
blocking the flow of chemotherapeutic agent to the 
remainder of the patient's body. A port 42 is 
formed in catheter 35 providing access to a lumen 
or passageway 44 in fluid communication with a 
syringe injector 46. Syringe injector 46 contains the 
filtered flow free of toxicity which is circulated back 
into the venous system and the right side of the 
heart via port 42. 

Catheters 18 and 35 are joined and made 
concentric at a T-junction or side arm 47. Similarly, 
the fluid passages to syringes 26 and 32 branch 
and remain separate so their fluids do not mix at a 
side arm 48a, while side arm 48b branches the 
fluid passages to syringes 36 and 46, keeping their 
respective fluids separate and distinct. Each of 
syringes 26 and 36 are provided with a tee mem- 
ber 49a controlled by lever 49b and having a 
sample port 49c. 

The process of retrograde perfusion according 
to the present invention is performed in the follow- 
ing manner. Initially, the tumor vasculature is sub- 
jected to a conventional arteriogram with a dye or 
like agent for the purpose of mapping a selected 
portion of the tumor blood vessels, such as those 
shown at 50 (Fig. 3) in a tumor 52 in a kidney 54. 
The arteriogram effects a result known as tumor 
blush which aids in locating the tumor vessels 52 
and a preferential drainage route 56. The image of 
the tumor vessels 52 and preferential drainage 56 
is projected into the video screen 12 with the help 
of the scanner 10. Having completed the prelimi- 
nary steps described above, positioning of the 
catheters 18 and 35 within the vasculature is be- 



gun. 

The concentric catheters 18 and 35 access to 
an organ, for example the left kidney 54 (Fig. 2), is 
via left femoral vein 58 into the left renal vein 60 

5 (Fig. 3). To manipulate the concentric catheters 18 
and 35 such that their appropriate placement is 
insured, the image on video screen 12 and the 
guide wire 24 are used. The guide wire 24 guides 
the catheter 18 through the left femoral vein 58 to 

70 the appropriate site in the renal vein 60, identified 
as the preferential drainage, where the suction 
catheter 35 is able to collect the outflow from the 
tumor. When proper placement of the suction cath- 
eter 35 is achieved, the guide wire 24 is extracted 

is from within the suction catheter 35 while the cath- 
eter 35 remains in place. The same procedure is 
followed, in placing the second, or infusion, cath- 
eter 18 in the site selected for perfusion of the 
kidney. 

20 Figure 4, depicting the right lung 62 with mul- 
tiple tributaries 64 draining into the large pulmo- 
nary veins 66, illustrates the extensive maneuver- 
ability of catheters 18 and 35 which may be re- 
located as often as desired and in as many sites as 

25 desired within the vasculature of said lung or other 
organ during treatment. With the catheters in place, 
if desired, retrograde embolization of selected 
blood vessels can be performed to isolate a par- 
ticular venous flow path. To accomplish this step, a 

30 microencapsulated agent that degrades on demand 
.or that can be retrieved as desired can be placed 
selectively within the branches of the blood vessels 
which are to be excluded from the perfusion pro- 
cess. This forms the third in-vivo space and iso- 

35 lates the V-V shunts past the tumor being treated. 
Embolization of the veins in this manner helps 
eliminate leakage of the therapeutic agent to other 
areas of the body and helps establish a direction 
for the flow of the agent. After the balloons 22 and 

40 38 of catheters 18 and 35 are inflated (Fig. 5) and 
emboli are in place, and prior to actual perfusion 
with a chemotherapeutic agent, a simulation perfu- 
sion may be attempted in order to test the system 
for possible leakage sites or other problems. When 

45 all factors have been taken into consideration and 
the necessary adjustments made, the process of 
retrograde perfusion is initiated as the syringe in- 
jector 26 forces the therapeutic agent upstream 
into the vein 50, throug the V-V shunts and along 

so the path created by the inflated balloons 22 and 38 
of catheters 18 and 35, and the emboli. 

It is to be noted that the retrograde perfusion 
occurs for a substantial distance through the organ 
or portion of the -patient's body being treated. As 

55 used with the present invention the term substantial 
difference is intended to mean that the balloons 22 
and 38 are spaced from each other a distance to 
insure adequate flow of the agent through the tu- 
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mor vasculature. 

The rate of infusion of chemotherapeutic agent 
by injector 26 in the tumor vasculature and extrac- 
tion by injector 36 are kept equal so that no fluid 
can be forced contraflow to arterial flow (Fig. 5). 
Typically a number of parallel V-V shunts are se- 
lectively formed for passage of agent through the 
tumor (Fig. 5) and no need for emboli exists due to 
equalized injection and extraction flow rates. How- 
ever., emboli are available if needed. 

The first feedback loop or passage of treating 
agent through the third in-vivo space is completed 
as the chemotherapy is drawn back into the suction 
catheter 35 via port 34 by means of syringe injec- 
tor 36. The chemotherapy agent is then subjected 
tc filtration and thereafter is reinjected via injector 
26 and port 25 into, the tumor vessels for repeated 
perfusion providing maximum exposure of the 
agent to the tumor and minimum exposure to the 
body. A feedback loop such as the one described 
above may be repeated as often as desired until 
the necessary balance of flow and desired ho- 
meostasis are achieved. 

A second feedback loop is created as syringe 
injector 26 forces the chemotherapy or like agent 
upstream into the vein 50 through the V-V shunts 
and along a path created by the inflated balloons 
22 and 38 of catheters 18 and 35 toward syringe 
injector 36 which draws the agent through port 34 
for analysis and filtration purposes. Thereafter the 
filtered flow is directed by syringe 46 into the 
venous system and the right side of the heart via 
lumen 44 and port 42. Because the second feed- 
back icop permits recirculation of the filtered flow 
to the rest of the body, it serves as an excellent 
means of hyperalimentation or stimulation for the 
body white the other feedback loop acts, upon the 
turner. 

Separation of the tumor load from the body in 
this manner creates a third in-vivo space wherein 
the ciinician may freely act upon and interact with 
the tumor. Because of the degree of control this 
invention provides, the two feedback loops may be 
implemented simultaneously and may be repeated 
indefinitely until the desired steady state is 
achieved in both loops. The therapeutic benefit of 
the dual feedback loop system for perfusion de- 
scribed herein is not limited solely to the treatment 
of solid tumors but may be applied as well as a 
means of hyperalimentation to induce patient well- 
being and as a means of providing an immunity or 
activating agent to a body deficient thereof. 

It should also be recognized that a single cath- 
eter might, in certain situations be used for retro- 
grade perfusion. In these instances, port 25 serves 
the point of injection ahead of balloon 22, while 
port 31 serves as the suction or extraction port. As 
has been set forth, the rates of injection and extrac- 



tion are maintained equal. 

The foregoing disclosure and description of the 
invention are illustrative and explanatory thereof, 
and various changes in the size, shape and materi- 
5 als, as -well as in the details of the .illustrated 
construction may be made without departing from 
the spirit of the invention. 

ro Claims 

1. A method for treating a tumor in the body of 
a patient, comprising the steps of: 

(a) placing a catheter having a suction lumen 
75 and an infusion lumen extending beyond the suc- 
tion lumen and a seal associated with each of such 
lumens in a vein of the patient near the tumor; 

(b) sealing the flow of fluid in the patient's 
vein between the infusion lumen and the suction 

20 lumen with the infusion seal; 

(c) sealing the flow of fluid in the patient's 
vein past the suction lumen with the suction seal; 

(d) injecting a chemotherapeutic agent from 
the infusion lumen into the patient's vein so that it 

25 may perfuse through the tumor; and 

(e) collecting the chemotherapeutic agent in 
the suction lumen after perfusion through the tu- 
mor. 

30 2. The method of claim 1 , further including the 

step of: 

analyzing the collected chemotherapeutic agent. 

3. The method of claim 1 , further including the 
step of: 

35 filtering the collected chemotherapeutic agent. 

4. The method of claim 3, further including the 
step of: 

re-injecting the filtered chemotherapeutic agent into 
the vein of the patient. 
40 5. The method of claim 1, further including the 

step of: 

maintaining the rate of collection substantially equal 
to the rate of injection. 

6. The method of claim 1 , further including the 
45 step of: 

mapping a selected portion of the tumor blood 
vessels prior to said step of placing the catheter. 

7. The method of claim 1 , further including the 
step of: 

so testing the patient's venous system for possible 
leakage past the suction seal prior to said step of 
injecting a chemotherapeutic agent. 

8. A catheter apparatus for treating a tumor in 
the body of a patient with a. chemotherapeutic 

55 agent, comprising: 

(a) catheter means for location in a vein of 
the patient near the tumor, said catheter means 
comprising: 
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(1) a suction lumen; and 

(2) an infusion lumen extending beyond said suc- 
tion lumen; 

(b) infusion seal means on said catheter 
means between said infusion lumen and said sue- 5 
tion lumen; 

(c) suction seal means on said catheter 
means for sealing the flow of fluid in the patient's 
vein past said suction lumen; 

(d) means for injecting a chemotherapeutic w 
agent into the patient's vein from said injection 
lumen so that it may perfuse through the tumor; 

and 

(e) means for collecting the 
chemotherapeutic agent from said suction lumen is 
after perfusion through the tumor. 

9. The apparatus of claim 8, further including: 
means for analyzing the collected 
chemotherapeutic agent. 20 

10. The apparatus of claim 8, further including: 
means for filtering the collected chemotherapeutic 
agent. 

11. The apparatus of claim 10, further includ- 
ing: 25 
means for re-injecting the filtered chemotherapeutic 
agent into the vein of the patient. 

12. The apparatus of claim 8, further including: 
means for maintaining the rate of collection at said 
suction lumen substantially equal to the rate of 30 
injection at said injection catheter means. 
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